Technological dependence and learning revisited by Erber, Fábio Stefano
Ss
JNE ; ieae ide Federal do Rio deJaneiro
UFRI/CCIE
NS823853 Eiiets Buettner 




   
   
 
TEXTO PARA DISCUSSAO N? 34
TECHNOLOGICAL DEPENDENCE AND
LEARNING REVISITED  




DIGITALIZADO PELA BIBLIOTECA EUGÊNIO GUDIN EM PARCERIA COM A DECANIA DO CCJE/UFRJ
 
UNIVERSIDADE FEDERAL DO RIO DE JANEIRO
INSTITUTO DE ECONOMIA INDUSTRIAL






Este trabalho foi mpresso
     
Sa
* coma colaboracao da ANPEC
pve== @O apoio financeiro do PNPE PNP






Erber.--Rio de Janeiro: Universidade
Federal do Rio de Janeiro, Instituto
de Economia Industrial, 1983,
40p.--(Texto para discussao n. 34)
  
DIGITALIZADO PELA BIBLIOTECA EUGÊNIO GUDIN EM PARCERIA COM A DECANIA DO CCJE/UFRJ
Technological Dependence and Learning Revisited 
(3) Fabio S. Erber 
Over the last fifteen years a considerable body of 
research on the technological development of LDCs has come to 
light. The ideas of what can be lcosely called the "school of 
dependency" had an important influence on shaping some of the 
questions posed by this research and the answers it provided. 
More recently the theses of technological dependence have 
como under severe criticism (Soete, 1981) and, at the same time, 
a spate, Of new articles and books (e.g. Katz 1978; Lall 1982 a 
and b; Dahlman and Westhphal 1982) have suggested what seems to 
be an alternative view of the technologial development of the 
LDCs. The purpose of this article is to reassess the two views 
and draw out implications for the present industrialisation 
debate. 
We begin by a brief presentation of what, in our 
reading, are the main characteristics of the two bodies of 
literature, including the intellectual interlocutors and the 
institutional setting of elaboration of such theories, since 
both have a bearing here, as in any social science production. 
Then, in the two following sections we analyse in more depth 
the similarities and differences between them as regards the 
technological efforts of LDCs and their implications for 
government polícies and for the international division 0f 
labour. 
Eenlor Lectunde and research fellow of the Instituto de Econcmia Industrial 
and the Faculdade de Econmia e Administração of the Universidade Federal do Rio de Janeiro. I am grateful to ilbert Schmitz and Josê Tavares de Araujo Jr. for their comments ana first draft of this paper, Of course they are not responstble for its contents.
1 - The background of the two "schools" 
a) Technological dependence 
It is beyond the purpose of this article to try to 
review the many contributions (often contradictory) which make 
up what has been called the "dependency school" (H) but it is 
important to recall the main issues at stake.To begin with it 
is important to note that dependency theories were arguing 
against the "stages of development" theories (with their 
functional sociology underpinning and their emphasis on the 
“modernizing" role of foreign investment), which promised 
industrialization would come to the periphery as a "natural" 
result, similar to the industrialization of the “early comers". 
At the same time they went against the orthodox Marxist view that 
imperialism was opposed to industrialization of the periphery, 
although they sought their own theoretical roots in the Marxist 
paradigm. A third interlocutor of the dependency theorists, 
with which they held a much more complex relationship (2, were 
the ideas developed by ECLA on defense of the industrialization 
(1) For analyses in English, the reader may refer to Cardoso (1977) Bienefeld (1980); Rodriguez, Ennio (1980) and Seers (1981). 
(2) This applies mainly to the Latin American authors, since Frank (1969) was deeply cpposed to ECIA's theorles, which he ensidered " cois" and "reformist", The filial relationship of some dependency authors. such as Cardoso, towards ECIA can be seen in his article (1977b) TS; 
ha appraises ECIAS', contributions. Precisely such heritage vas here 
criticized by more recent studies of the development of Ltall 
Brazil, such as Cardoso de Mello (1982), which arque Eae Ta sm in 
ahorteomina of dependence theory was its inability to free its analvsi ECLA's approach to history in terms of the relationship of ysis of 
American comtries to the central countries, e tin 
elements in capital acarulatica and in the de L the 
capitalist social relations. 
of Latin America during the fifties and early sixties. ECLA 
argued that the specialization in the production of exportable 
primary products led to an uneven development of the world 
system (with the primary producing economies tending to lag 
behind the industrial economies) and to an uneven internal 
development of the Latin American countries, incapable of solving 
their problems of capital accumulation and employment. By the 
time dependency theory came to be developed, the warnings of 
ecra that also spontaneous impor-substituting industrialization 
would not be the answer to the problems of the Latin-American 
economies had been vindicated. In fact, dependency theory can be 
viewed as an after-thought of the battle for industrialization, 
which, by the mid sixties, had come to seem more and more a 
Pyrrhic victory, in terms of internal economic, social and 
political equality and as regards independence from external 
determination. 
Dependency theorists asked two main questions, 
implicity or explicitly: “is capitalist development feasible in 
the periphery?"” and, "which is its specificity vis a vis tha 
pattern of development of the central countries?" 
Although there was agreement among the authors of the 
"dependency school" about the specificity of the development of 
  
(3) Zor a, now, classical study, see Tavares (1964). For a detailed 
presentation of ECLA's theories and their eriticisms, see Fodriguez, 
(198l).
.4. 
The peripheral countries, when compared to the central 
economies, there was sharp disagreement about the growth 
possibllities of the former economies. Some authors (e.g. 
Frank (1969), argued that such economies had a built-in 
tendency to the "development of underdevelopment", while others 
(e.g. Cardoso and Faletto (1979), argued that, in some 
countries, the pattern of "associated development" offered 
scope for continuing the process of capital accumulation, 
albeit at a very high social and political cost. 
The analyses of the pattern of development 
which emerged from the phase of import — substituting 
industrialization argued that the import of technology 
constituted now one of the main links of the chain of 
relationship which kept the economy of the Latin American 
countries subordinated to the advanced economies, The 
importance of the technological link was greater for 
those countries which had industrialized more (e.g. Brazil, 
Mexico), and together with imports of capital goods, 
foreign finance and the industrial role OÊ MNCs composed 
the web of tha "new pattern of dependence", 
ndo 
In an early formulation (Cardoso 19731, the underdevelopment 
of the local capital goods industry and the reliance on imported 
technology was seen as limiting the process of capitalist development 
of the periphery, since the Department I of such economies (the 
sector producing means of production), was said to be virtually 
non-existent there, preventing a productive complementarity 
required by capital accumulation and draining the dynamic stimula 
to the central economies. Further research showed this to be an 
over-simpliíication: in many countries an internal technical 
capability and the production or capital goods developed with 
the process of industrialization. 
Nevertheless, the question posed by the original dependence 
argument - the specificity of the industrial developement of the 
periphery - and the answer provided - the difference in the indus 
trial structure, especially the limited size and role 
played by the local supply of technology and means of production, 
remained not only valid but influenced the considerabla research 
on technological development performed by Government and academic 
substitutions. It is in this sense that we include this research 
in the "dependence school". 
In trying to highlight the main concerns of these latter 
atudíes we shall rely mainly on the results of the Brazilian research, 
for several reasons. One, obviously, is convenience, but more 
important are the features of the Brazilian economy: Brazil is one 
of the most industrialized of the LDCs, combining a large internal
.6. 
market with an aggressive export policy. Its capital goods industry 
is the largest among the LDCs (China excluded) and it is also one of 
the main LDCs in terms of investment in higher education, science 
and technological development. Nonetheless, there is a consensus 
that such investment so far has not seriously idented the industry's 
reliance on imported technology. Finally , since the early seventies 
an extensive body of literature on technological development and 
science and technology policy developed in Brazil 9, 
Some of the issues dealt with in this literature are 
closely related to our present discussion: 
- The sources of technology used by private (foreign and 
local) and State enterprises: local development intra and extramuros 
(especially tha use of universities and research institutes) and 
import of technology. Such research involved not only opening up 
the "black box" of technology so as to understand what capabilities 
were or not locally developed and absorbed but also the rationale 
of the use of such sources by the enterprise, Such studies we 
re 
usually conducted at the sector level, and were complemented b y 
  
(4) At the end of 1978 an extensive but not exhaus tive ao over a hundred titles, See Frber (1981) for à the author anslation. Of course only part of such studies ais sh-written of technological dependence. For a different sour ected to the issues instance, the studies of diffusion by Araujo Cs Of Inspiration ses Barros (1978). Jr. et al, (1976) and ue tao 
mada by 
studies of the "scientific and technological system", especially 
case studies of the research institutes and their relationship to 
the enterprises. 
- The study of the role of the state. Initially motivated 
by the analysis of the enterprises rationale and the role of State 
puligies in such rationale, it then developed into an analysis of. 
the relationship between the explicit science and technology policy 
and the more general industrial policies,and to tha study of conflicts of 
interest within the State and their relationship to the general 
pattern of development of the country. 
- The implications of technological dependence in terms 
of foreign exchange costs, of the pattern of competition within 
industrial sectors and the foreign dominance of such sectors, among 
others. 
Studies in other Latin American countries developed along 
simílar lines, developing a substantial body of knowledge about 
technological development of the region. It is thus somewhat 
perplexing to find authors (from outside the dependency school) 
saying that the literature “concerned with the transfer of technology 
has treated developing countries as passive recipients of technology 
from the advanced countries and concentrated on the imperfections of 
the technology market that raises the costs of buying technology to 
the hapless developing countries" (Lall 1982 a p.6).
Although inspired by the issues of dependency, such 
analyses drifted away frcm the Marxist moorings of the original 
writers of dependency into the safer waters of mainstream economics 
To some extent, the movement was a consequence of the inadequacies 
of Marxist theory, especially as regards enterprise 
behaviour in an oligopolistic system. However the institutional 
influence cannot be discarded, since a considerable part of such 
studies were either commissioned or directly conducted by Government 
institutions, where Marxist vocabulary and Categories would be 
rather unwelcome (to put it mildly). 
In fact, during the seventies in Several countries of 
Latin America (Sagasti, 1978), science and technology policy 
gained a new status. New Government institutions wera established 
and old ones modernized, to promote local scientific and 
technological development, adopting measures which often went 
against the grain of the more general Policies of the Government. 
Although the issue of internal domination and class conflicts 
posed by the original dependence literature was Outside the paíl 
in such institutions, another part of the issue of dependence - 
the relationship between foreign and local Capitals - vas not. In fact such research provided them with ammunition Êor justifying their existence and growth, and at the same time, they gave the 
research a sometimes fruitful action-directed push. Nonetheless, this literature retained a “politica 1 economy approach”, especially in the studies related to stata influence on technological development. 
bl) The "Increrental Indigenous School" (IIL) 
The writings of this group of authors are well-known to 
the English-speaking readers so we may be excused if we proceed at 
a greater speed. What probably are their most distinguishing 
traits are, first, their vies of technical change as an incremental 
process, ana opposed to what Lall calls the “"Schumpeter 
syndrome" (the emphasis on discontinuity and technological 
breakthroughs, based on research and development). 
Second, they present a rich body of evidence concerning the LDC's 
mastery oÉ manufacturing technology and the capability of introducing 
adaptatíons in products and processes developed abroad, based 
upon incremental, learníng processes. Finally, they argue that 
such learning underlies the Suúccesses of some LCDs in exporting 
technology, sometimes disembodied, but, most often, embodied in 
relatively complex products and services and even in turnkey plants. 
From this latter evidence they suggest that a new international 
division of labour may be emerging with the economies which have 
developed such technical capability finding a new relationship to 
the others LCDs and to the older industrialized countries, based 
upon their technological capability. 
The evidence upon which such theorles rest consist mainly 
of a collection of detailed case studies of enterprises carried out 
in several countries in Latin America, especially in Argentina , 
Brazil and Mexico (summarized in Katz, 1978) and the studies of 
exports of technology by Latin American countries (Katz and Albin, 
1978), India (Lall, 19824) and Korea (Westphal et. al. 1980, Dahlman 
and Westphal 1982). Such research was usually sponsored by inter-
national institutions notably the World Bank. IDB and ECLA. (5) 
Although Marx was a keen observer of the phenomena of 
learning and stressed their importance for industrial 
development (6) the parentage and the interlocutors of the FILE 
school" are predominantly neo-classical. This can be more clearly 
observed in the surveys they make of the literature (Katz 1978, 
Lall 1981, 1982 a and 1982 b, Dahiman and Westphal 1982) — e.g. 
the emphasis they put on the literature on "choica of technology”. 
What is somewhat surprising is the ignorance they display of tha 
contemporary literature on dependence, which had already shown in 
considerable detail the existence of local technological 
development in LDCs (a point developed further below). Whether 
this can be attributed to language barriers, to a paradigmatic 
parochialism or ta other reasons, is a moot question. It ig 
certainly unfortunate, since this literature strenghtens a part 
of their argument, even if it reduces some Of its novelty,. Moreover 
it deprives th IIL literature of relevant interlocutors, 
which 
may contribute to question and enrichen their Own conclusions a 
” purpose to which this article is but a modest step 
Vol. III. 
all; 
2 - Local Technological Development in LDCs 
As mentioned above, the IIL school emphasizes the 
development of a technological capability in LDCs through an 
incremental process, described by Dahlman and Wesphal (1982) 
P. 126) as follows: "firms in developing countries acquire 
increased technological mastery by engaging in purposive 
technological effort to assimilate and adapt technology, an effort 
which typically takes place in relation to experience gained in 
production engineering and Project execution". (7) 
This conclusion is fully consistent with the findings 
of the “dependence” literature. In fact, from the earliest 
studies (e.g. Biato et al. 1971, for Brazil) it had been shown 
that local firms had developed design (basic and detaileã) and 
manufacturing capabilities, especially for simple products, 
such as universal machine tools and agricultural equipment, based 
mainly on “reverse engineering”. 
The research on sectors where this mastery had been 
developed (e.g. Erber et al. 1974 for tha capital goods industry) 
showed that the local firms there tended to rely Progressively 
more on imported technology via licensing, in the measure in which 
they diversified and increased the technical complexity of their 
production;a behaviour confirmed by more recent studies (e.g. Erber 
(1982) for the same sector). Although non-technical factors Played 
an important role (e.g. preference of customers for foreign 
technology), the studies left no doubt there was also a discontinuity 
in technical capabilities behind Such shift in sources 9£ technology. 
(7) “Production engineering... relates to the Operation of existing Plants. Project execution... pertains to the establishment 0f new production capacity", (Dahlman and vespahl 1982 pp. 106/107).
2. 
In new industries, foreign technology was often used from Rirnnai 
j via licensing or foreign investment (sometimes as aj a 
Na described for petrochemicals by Araujo Jr. and ni 
RA Filho 1978,Teixeira 1982). In such cases a local no 
É a vas clearly lacking,especially where continuous 
no ere involved, requiring a complex set of capabilities, 
far o ic engineering of the process and the basic design of from the bas 
a 
1 goods. 
TE to the specification and procurement of capita g 
the pl n£, 
theless, the dependence literature has shown that 
None 7 
£ technology does entaíil the development of a local 
the import o 
ical capability - in fact it argues that such capability 
technologica 
ionship. On the other hand 1t 
the dependent relat is inherent to 
1 shows that such learning is limited, also SO as to preserve the 
hould be no Cause of Surprise 1£ one 
lationship. This s 
dependent re 
ter of technology. Let us 
rationale of the expor 
considers the  rationale 
the example of a licensor of technology of a product. 
take 
Exporters of technology have a deep-seated interest in 
nsuring that their customers possess 
e 
since their earníngs are usually pegged 
because the responsabilities Of licensor and licen 
 
See are very difficult to apportion in cases of failure, breakages, etc. which may jeopardize the licensor's international reputation, Thus, 
the importer of technology must be at least able to manufacture the goods and/or operate the proces seg according to the SPecifications, teach the licenses how to do it. 
some technological Capabilities, 
ler analysis of the luded. For a ful should be exc 
«I3. 
Moreover, in order that a product can be manufactured, 
all its parts and components must be specified to minute de 
and such specification must conform to the available supply o 
materials, parts and Components, as well as to the specific 
onditions oÉ the local manufacturer. Therefore, the 
sr À iled design Bl is better performed locally where the 
stage of deta 
the licensor 
tured, than abroad, where 
is to be manufac product 
t the licensee 
then, it is desirable tha 
For all parties, é is located. 




The ign of a product goes through three main stages (Asimow a Rn O as an example, we have: 
capa support). IÉ 
ap city of containrent and  RA ces aos loia to the firm with such pa sadio (e.g. delivery time), the enterprise dec 
cons 
equipmen i may P a of feasible design 
t is feas ible, it end up with set 
centg from which one will be chosen in the next stage. 
con 
ce 
termine the cmpetítive possibílities of a machine (technical performan E ss and delivery time) are defined at this stage. 
ide information 
s - the main consideration is to Prov: (141) a = part is drawm in detail to be manufactured,with rita baing placed upon dimensions and tolerances. 
three will depend on largely 
importance of the stages of design : eds eia roduct for the enterprise. hren tha DE para ema the emphasis is on optimization of the dem É RA É ie he lina design stage, the importance of feas ty reasing 
E 7 product a 
wilth the novelty of the product. 
terms 
in the literature m 
tegories oÊÉ R&D, more often used E a e equi sesta definitions (e.g. the Frascatti Manual 
innovation, acco 
t siould te included in 
and basic design s ages hould 
E the feasibility of the CECD) 
n long as the design is for a new product, but detailed design 
"development", as long 
design stages and technical references, ses Erber (1977).
«Jd. 
Although manufacturing know-how and detailed design 
skilis are a necessary condition for introducing innovations (as 
well as for production), they are not sufficient for purposes of 
innovation: basic design skills are necessary for innovation . 
Moreover, the mastery of the first two skills does not lead 
necessarily to a basic design capability: although in some products, 
especially mechanical products, it is often possible to progress 
from one to the other; in others, notedly in products which perform 
atomic or molecular transformation, there is a discontinuity of 
knowledge between basic design on the one hand and detailed and 
manufacturíing technology on the other. 
Since basic design skills are not necessary for Producing 
the goods, the exportes of technology has no interest in closing 
such gap; quite the contrary, the teaching Of such skills could 
foreclose a future sourco 0f revenuves and even nurtura a future 





partial learning - a type of learning which r àt the same time, ensures 
15. 
the technology does not forsake the Property of the technology, 
only allows the licensee to use it for a limited duration of time, 
under certain conditions, some of which may by quite restrictive 
(export prohibítions, tied-in imports, etc). Such legal control 
applies even in the absence of patents, although the latter 
gtrenghtens it. 
The same pattern of limited learning (or permanençe of 
dapendence) was observed in the case of foreign subsidiaries, where 
the patent company had to transfer a manufacturing and detailed 
design capability but not the others. The Latin American Literature 
suggests that this strategy was not only dus to scale-economies in 
the production of technology but also to tha extraordinary profits 
they reaped through “technology-relateda” intra-firm transactions 
(Valtsos 1974, Fajnzylber and Tarragô 1976), 
Thus, the literatura on dependence argued that the 
transfer of technology between centra and periphery was structurally 
limited on the side of the supplier of technology. Moreover, it 
was structurally limited on the side of the importer toco. In fact, 
one of the main question posed by thia literature!) was: since 
the local entrepreneurs were aware of such limitations (as 
shown by the research) and of tha costs they entailed (tied-in 
imports, export prohibitions, threats of being ousted from the 
market by a subsidiary after the licenses had tested the market, 
or having to pay for the technology in equity; at least Felinquisming 
the control of some important decisions), why did they not invest 
9) see Erber (1981) for references.
«16. 
more in their own technology, walking, so to speak “on two legs" ? 
The answer showed that many factors were at work, among 
which six ranked especially high: 
- The competition of foreign technology, which, being 
eastly imported, put a high risk on attempting to develop local 
technology, especially where lead times were longer and costs higher, 
as for R & D-derived capabilities. Government policies related 
to foreign investment, ímports of capital goods (where project 
ffnancíing played a crucial role) and import of disembodied technology 
ware important determinants of such competition. 
- The pressure of clients, which often mada the use of 
imported technology a conditio sine qua non, barring thus the 
possibility of developing local technology. This was observed not 
only for consumer but also for capital goods and engineering services, inclusive for State enterprises Purchases. 
operated, which not only placed a Premium on tha mono 
granted by the licensor, but also allowed them to Pass on to the customers the cost of the technology imported. 
- The size of tha local marke t, relative to the expenditures 
necessary to develop local technology and the lack of Protection of 
such technology. 
” The short term horizon With which local enterprises operated, in many cases dus to tha lack o£ Planning b eh 
g by 8 State, 
17. 
- The political outlook of local enterpreneurs, who were 
more afraid of being controlled by the State than by foreign firms. 
Thus, at one level of analysis,the answer was that the 
dynamics of economic and political forces was such that there was 
no incentive to the local entrepreneurs (and even less to . 
subsidiaries of foreign firms) to develop a technological capability 
beyond that provided by technological transfer, This conclusion could 
be used to justify State intervention to foster such further 
development - and it often was. However, at another level of 
analysis, it showed that the original definition o£ dependence as a 
structural carachteristic of the perípheral economy was not incorrect 
- technological dependence was Just a facet of a specific type of 
capitalist development. The Peripheral development, 4£f in some çases 
allowed for an expanded capital accumulation, nonetheless contatned 
such accumulation in a relationship Of subordination. 
The conclusion that technological dependence is just part of 
a specific pattern of development 1s also important to avoid some 
pitfalls of technological determinism - lt is not simply by changing 
the degree of technological self-reltanca that this pattern of 
development will be radically transformed - a “naiva  optimistic" 
approach (borrowing tha apt expression from Cooper (1973)l often 
found + An the literatura, The determinants Of technological 
dependenca have to be sought not only at the level of the lack 
of technical and scientific skills in LDC'g (although they may be à 
powerful constraint in some cases) but especially at the level 
of the economic and political considerations which guide the action 
of the enterprises and of the State as regards the development of
«18. 
local technical capabilities. This view also lead to a 
reassessment of the role explicit science and technology polícies 
may have in changing - the technological dependence. When such 
policies do not converge with the other policies (e.g. policies 
related to foreign investment) their efficacy is severely limited, 
since they,alone, cannot change the pressures and inducements 
(some of which were mentioned above) which lead the enterprises 
to rely mainly on imported technology. 
It is worth stressing that neither the more general inter- 
pretations of dependence nor the more policy oriented IFesearch argued 
against import of technology and in favour of autarky, either at the 
level of the sector (or firm) or at the macro level, as it seems to 
be implied by some recent appraisals of technological dependence (e 
g. Soete 1981). Their main concern was with the balance between 
imported and local technology in a dynamic Setting,which, they argued 
A led to a structural unbalance 10) 
10) Therefore, if one wished to use data of interna 
E to "test" the relationship betueen technological desen Baments for technology 
should look at the ratio of imports to local expendi en teca o? came 
of the ratio of imports to exports, as Soete (1981) REA Ogy, Instead 
ratio would show that even those developed 
their technological balance of Payments spend internal 
import, whereas the peripheral comtries not Only spend less (in ab 1 a and as a ratio of GNP) for internal development o solute terms 
much smaller ratio of imports to local expendt 
has a huge deficit in her technological balan: pi ir nec o opta GO is C Bt pd cen for technology) the ratio was about Ea Mas Es aus ao Pini abroad the unbalance mentioned in the text and OÊ tha difficulties a Ustrativa of technological gap between central and peripheral countries, cf ridging tha upon which such additional expenditures are made, they Ea given tha basis capture ths relationship between local and irported tr completely to 
For a more general criticism of this type of "test echnology cutlined , see Cardoso's article on the " Nr o Of dependency E 
1977 a). Such theory in the U, 
«19. 
There are substantial símilitaries but also some important 
differences between the dependence literature and IIL studies, as 
regards the study of technological effort in LDCs. 
Both have followed the same analytical steps: opening up 
the "black box" of technology and looking at the determinants of firm 
behaviour as regards the different types of capabilities which lay 
in the box. Both agree that there is a discontinuity in the skills 
required to master such technologies. Moreover, both agree that 
although there is some complementarity between imported and local 
technology, the former may have a deeply inhibiting effect upon the 
development of the latter, although the dependence studies have 
developed more fully the relationship between imported and local 
technology. 
There is also a substantial degree of complementarity 
between the two analyses since the IIL very detailed case studies 
have carried the knowledge of learning beyond that reached by 
dapendence analysts , and have pointed out a process of learning 
unknown to that literature - learning through exporting, which 
reverses the more usual view that learning is a condition to export 
(Westphal etal. 1980, Dahlman and Westphal 1982, for Korea). 
Furthermore the careful review by Bell (1982) of cases of learning 
has raised interesting hypoteses about the determinants of firm - 
behaviour and international differences in learning. His analysis of 
the behaviour of firms in terms of pressures and inducements to 
developed local technology converge with the analysis of the 
dependence studies.Morcover his development of the "infant Industry"
.20. 
argument (which space precludes discussing in the detail it 
deserves) has contributed to the analysis of the rationale and 
feasibility of science and technology policies in LDC's. ) 
Q On the other hand, the analysis at the sector level, of 
the gependence studies-put more in focus the relationships between 
local technological efforts and the characteristics of demand and 
the patterns of competition, as well as the role played by specific 
State policies (e.g. the purchase policies of State enterprises in 
the case of the capital goods industries). The sectorial approach 
also highlights tha differences between sectors, pointing out the 
different role technology (local and imported) plays in the 
development of different industries and, conversely, the different 
role played by sectors in the technologycal development of the economy 
- a point to which we return in the next section. Within each sector 
these studies show the interdependenca of actiens of the institutions 
involved foreign and national interprises, government agencies and 
universities and research institutes), whereby, for instance, the 
entry of a foreign enterprise using its parent technology, or the 
lack of experience of local research institutes may well discourage 
Or even prevent an enterprise from commissioning studies to the ) 
detriment of local accumulation of the necessary experience ID), 
This interdependence may generate importante Synergistic effects ) 
intensifying the use of either local or imported technology 
(the latter being more frequent). Thus the studies of dependenca 
argue for a science and technology policy (explicit and 
implicit) which is disaggregated at the level of sectors but 
r at the 
game time, retalns an integrated approach, encorpassing all the 
e by State enterprise of ltal goods engineering services, where experience is a critical factor ce 
UFRJ/CCJE 
&iblioteca Fucânio Gudin 
«2L. 
relevant institutions involved in the technological development 
of the sector . It is possible that the limited success of the 
explicit science and technology policies of Latin American 
countries to foster a substantially higher degree of technological 
self-reliance (Sagasti, 1978) may be due not only to the 
contradictions between the explicit and implicit technology policies, 
already mentioned,but also to the way in which such policies were 
implemented, acting only at the enterprise level, without a 
sectorial approach. The case of the brazilian computer industry 
studied ín detail by Tigre (1982),1s an exception, both in terms 
of success of technological deve lopments and in terms of a sectoral 
policy where implicit and explicit policies converge, which seems 
to confirm the rule. 
Here we also find some agreement between the two groups 
of studies . For instance,they agree that the behaviour of the firms 
has to be partly explained in terms of the policies pursued by 
Governments (not only the science and technology policy but also more 
general policy) and that Government protection is necessary to 
supoort the "infant" local technological effort. Both IL (especially 
Lall 1982 a, 1982 b) and dependency analyses agree that such 
protection, to be effective, must go beyond technological actívities 
and include the products which result from such activities, Nonetheless 
the dependence studies seem to have advanced more in this fleld 
of enterprise/sector/economy relationships, possibly because they were 
at the outset conceived as sectorial studies. 
Therefore, combining the two groups of studies, perraps 
we can be bolder than Dahlman and Westphal (1982, p. 115) when they
| rr, 
| 
assert that “as yet too few case studies exist for it to be possible 
to generalise about shat determines the extent and the direction of 
technological effort by individual firms". 
f 
Nonetheless, there are important differences between the 
two bodies of research, which stem, from their respective original 
paradigms and their institucional insertion. Such differences crop 
up in several aspects of their analyses, such as the treatment of 
Government polícies, but are crystallized in what, at first sight, 
Seems to be simply a matter of emphasis: while the IIL research 
stresses the development of technological capability in LDC's, th 
dependenca studies lean on the limited nature of such development. That this is not a simple question of relative emphasis becomes clear when we look at how the two groups interpret the phenomenon in terms of the role Played by LDC's in the international division S£ labour and their growth Possibilities therein. 
«23. 
3 - A New International Economic Order ? 
Dependency theory stressed, as we have shown, the trend 
to perpetuate the reliance ou imported technology, as part and 
parcel of the peripheral condition of LDC's. Such imports, it was 
shown, involved high foreign exchange costs, both in terms of 
explicit and hidden payments and in terms of export restrictions. 
Moreover, the pioneer study by Fajnzylber (1971) of Brazilian 
manufactured exports showed that the sectors which had a higher 
intensity of imported technology contributed little to the export 
of manufactures, while those sectors with higher than average 
exports did not import technology intensively. Thus it concluded 
"the majority of the industrial exports of the Country rests upon 
the utilization of diffused technical knowledge. This supposes a 
fragile competitive position in a market, such as the one for 
manufactured products, characterized by the speed of innovations in 
products and processes" (p. 196) 
Therefore, the dependency argument ran, the peripheral 
Countries cannot count on their spontaneous technological development 
to change their position in the international division of labour, 
where, by virtue of the technological dependence, their 
growth is partially limited. Furthermore, the dynamics of the 
international system and of their own economic and political structures 
are such that the peripheral condition of the LDC's is Perpetuated,
«24. 
What is Probably the most original and provocative 
Contribution of the LBD studies is their suggestion that, 
Eenicaryito the argument above, the technological development achieved by LDes through minor innovations is an indicator Of their dynamie Comparative advantages and that a new international 
divi 
| 
vision of labour is emerging, in which “the comparative advan tage of developed YSrsus developing countries will be 
determined Rot so much by skill requirements in general, but by skill inputs based Em EneGLElo estam rocesses which Cannot he Feplicated 
1 in developin Countries". (Lall 1982 b P- 74 * 9riginal emphasis). 
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“Prlication,» adaptation to suit each 
25. 
In such new international division of labour, the 
"dividing line does rot fall by industry but by particular 
technologies within each industry. This will lead to a change in 
the specializations of developed and developing countries: rather 
than concentrating on different types of industries as they tended 
to do till now, they will specialize in different processes within 
the same industries. Developed-developing country trade will, in 
other words, come more and more to resemble inter-developed country 
trade...” (ibid p. 174, original emphasis). 
Furthermore, LDC's "which have built up a strong 
technological capabilit will reveal different sorts Of comparative 
advantages in their exports to other developing countries as opposed 
to more developed ones", while such LDC's will export to the latter 
countries complementary technology services and simpler engineering 
products than those locally Produced, they would export to the other 
developing countries "older, simpler or smaller-scale equipment", as 
well as turn-key plants, consulting services and licensing. (ibid 
p. 175). 
The evidence presented by the IIL studies on technology 
(12) exports of LDC's indicate that the dependence school certainly 
under-rated the niches which the past expansion of world trade and 
growth opened up for the more industrialized LDC's, using their 
limited technological mastery;nonetheless it is important to note that 
the IIL studies show that the mastery achieved was not simply the 
(12) In a recent study of Brazilian exports of manufa services Araujo Jr. et. al (1983) have Suggested that local firms and subaldiaries of MNC's enjoy a competitive advantage in the markets Of other IDC's based upon a leamning process of relatively stable technologies which they are able to adbpt to the specific needs of the LDC's markets, 
ctured products and engineering
.26. 
of market forces but was greatly aided 
(13) 
spontaneous result 
by specific State policies 
Should we then draw the conclusions that those 
countries which have already reached such level of technological 
development should rest content with it? And should the other 
LDCs aim simply at achieving such levels of technological 
mastery and gear their policies simply to that purpose? 
In essence, the IIL studies suggest a positive 
answer to such questionstl, Thus, Dahlman and Westphal 
(1982 pp. 129,130) argue that “Korea's" experience further 
demonstrates that a high level of technological mastery in all 
aspects of the uses of technological knowledge is not required 
for sustained industrial development... Korea has become a 
significant industrial power mainly as a result of its 
proficiency in production” and Lall (1982b p.169) led by the 
formers' results makes a more general suggestion that "it may 
be argued that for poor countries just embarking on industrial 
development the acquisition of know-how rather than investments 
  
(3) The role played by the State in fostering the technological development 
upon which technology exports are based deserves considerable 
additional research to that provided by the available LED studies. 
An untouched area in the LBD studies is the "political economy" of 
such intervention, i.e. the interests behind it and how they relate 
to other economic policies. See Cooper (1981) and Erber (1980). 
(14) Although Bell (1982) is not concerned with export performance, the 
evidenos he presents suggests that for countries with a recent and al 
small industrial sector the path of reaching the level of technologic 
mastery achieved by the NICs is fraught with difficulties. 
27. 
in building up know why is the most appropriate policy" 15) 
Notwithstanding the past successes of the NICs 
in technology exports, the answer provided by the IIL studies 
fall in a static trap, apparently led by their theoretical 
paradigm. In fact, the anti-Schumpeterian approach which 
carachterizes the IIL view of technological development seems 
to lead them to disregard the cyclical nature of international 
economic development and to overlook the "primary" technological 
changes which are under way and which will deeply affect the 
international division of labour. 
The rather optimistic picture the IIL studies drew of 
the future international division of labour rests upon at least 
two important cateris paribus clauses, First that investment and 
world trade will continue to grow, possibly at even higher rates 
than they did in the post-war Period, in order to create more 
niches to accomodate not only the present LDCs which export 
technology but also the others which follow on their path. 
Second, that there is no major technical change which will 
 
(15) Dahlman and Westcahl (1982) qualify this at the end by saying that "the objective acquiring technological mastery is not simply to produce ín the present: it is equally to be able to adapt technol and to antecipate changes in world and domestic markets. Thus it is 
on tha basis of production engineering or Project execution experience" (p. 133). The evidence fran deperdence studies strongly argu answer to their query is negative. E idaimics,
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Those two new technologies are, as is well known, 
based upon “large-scale scientific activity on the frontiers 
of technology" and their activities are to a considerable 
extent "aimed at meeting changing needs of high-income, brand- 
conscious consumers", i.e. - they are exactly the opposite 
activities in which, according to the IIL school, the LDCs have 
comparative advantages. The resources used for innovation in 
those industries are highly concentrated in the advanced 
countries and the theory and experience of diffusion of 
innovations strongly suggest that the rate of diffusion of 
such innovations will be much faster in the centre than in the 
periphery, widening their gap; not only in research and 
development but also in manufacturing technology. 
Moreover the diffusion of eletronics will affect many 
of the activities in which the NICs could have comparative 
advantages as regards both more and less-developed countries 
than them. This applies, for instance for the simpler 
(non-eletronic) machine-tools and the labour-intensive 
detailed design services they would sell to the advanced Countries 
(Lall 1982a), which are likely to be replaced by numerically- 
controlled machine tools and computer-aided designlê), produced 
more efficiently in the central countries. The latter may also 
prove to be strong competitors in the markets of the least 
  
(16) For evidence on the gap of diffusion of eletronic-based capítal goods 
between central and peripheral economies see, among others, UNCTAD 
(1982), Tauile (1983). For computer-aided design see Kaplinsky (1982). 
The latter's conclusion on the role played by eletronics in widening 
the gap between [Cs and LICs are the same as ours.
.30. 
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to have fully appreciated the implications of the present 
decline phase. All in all, old Schumpeter (and Marx) may stíll 
have a lot to teach all of us ! 
33. 
4 - A Final Note 
Economists seem to hold a peculiar relationship to 
technology. aving recently discovered they had neglected the 
theme since the days of Schumpeter, the profession now seems 
to display symptoms of serious guilt-inspired behaviour - on 
the one hand it proclaims the overriding importance of 
technology, on the other, they beat the breast about their 
ignorance en the subject. Such ritual is rendered 
easier by disregarding the work done outside one's own parochy. 
The two bodies of literature discussed in this article 
argue against the behaviour described above. They show that 
over the past decade and a half we have accumulated a 
substantial body of knowledge about an important phenomenon 
the process of technological development in LDCs and how L€ 
relates to the technological development in DCs. Moreover we 
have also advanced our knowledge about the relationship between 
technological development and other features of the development 
of the LDCs (e.g. industrial structure, role of foreign capital, 
the roles played by State and so on). 
The preceding sections also argue against technological 
“ naive optimism". No matter how important technology is - and 
we have argued it is important - it cannot, by ltself, change 
the pattern of development of LDCs or the international division 
of labour. Not there are grounds to believe that technological 
development necessarily leads to general progress and greater
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